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PREFACE

The Long-Range Search Sonar Problem is aimed
at providing answers to the many questions within
the Navy regarding long-range-search possibilities
using echo-ranging. A submarine, the USS GUAVINA,
was selected (in full discussions with CNO) as a
sonar platform for a 1l0-kc¢ equipment. A submarine
was selected because it provided features _ plat-
form stability and depth control which seemed
highly desirable in an experimental field in-
stallation. After two 6-week operating periods
in the Key West area, our lack of abiiity to draw
conclusions concerning deep-water operation was
glaringly apparent and every effort was bent
toward arranging a trip to Guantanamo with
operations in deep water. Through the cooperation
of ComOpDevFor and others, such arrangements were
made for the third operating pericd. At the con-
clusion of this third period, we were prepared to
report problem status to those in the U.S. Navy
most concerned with active search sonar possi-

“bilities. Accordingly, the presentation reported
herein was made before some 40 interested
representatives of offices and bureaus ¢&oncerned
with the problen.

WL Saxtin
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WELCOMING REMARKS
Captain F. R. Furth, Director, Naval
Research Laboratory

Rear Admiral Bolster, Rear Admiral Akers, Gentlemen:

Weire delighted with the opportumity to present to you this morning
some of the most recent developments in our Long-Range Underwater-sSound
Echo-Ranging Program. We particularly welcome this opportunity to inform
you of these latest developments and alsc %o acquaint you with our needs
for additional ship's services to carry on the work which we have started
and have been carrying on actually for some two years now. Two racher
startling developments have occurred recently. One has to do with the
measurement of target strength at the low frequencies and the other has
to do with cross-correlation and improving the signal-to-noise ratios.
The details on these two new developments will be given to you later on
in the presentation. I also weleome this opportunity to express my
appreciation on behalf of the laboratory to the Bureaus and to the Office
of Chief of Mavsl Operations, and ¥o, of course, our. parent office, ONR,
for the complete support which they have given us in this particular
Program. B '

The long~-range-sonar rasearoh started out with very little to go an
except the use of parameters which were deyeloped during the war, prior
%o the war, and immediately after the war and from those parameters it
was hard to visualize just what we might be able %o accomplish in lowe
frequency echo-ranging. However, there was sufficient evidence from the
theoretical studies to give us hope for considerable improvement. We
were not Yooking for a matter of small percentage improvement in the
values of ranges cbtained by World War II equipmenti; we were looking
for several times these ranges. We were interested in getting really
out- to long ranges. It was only by the support of the bureaus and the
officers thiat we were eble to conduct this work, and it is grasifying
4o report that we have had some considerable successes.

e
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RuVIeW OF PROPAGATION PATHS OVeR LONG RANGES
De. . L. Saxton, Superintendent of Sound Divigion

Our effort in long-range search has been stated as aimed at finding
acoustic paths and designing equipment to exploit them. We never under-
took to punch our way into shadow zones by brute force. Efforts in this
direction could only result in incremental improvements, while we were
after an order of magnitude. From time to time persons, including
myself, have stated that when a 10-fold increase in range has been
achieved, we shall be over the hump, end that further increases will
be relatively easy. This still heolds.

This Laboratory has studied propagation in surface-bounded ducts
_and over paths which include & bottom reflection -- in both cases te
‘ranges of 28 miles. The use of pulsé transmission was found mandatory.
These paths are shown in Figure 1. The use of such long ranges has
enabled accurate determination of divergence loss and attenuation in

the 5 to 10~ke¢ frequency band. Via the bottom in deep water, the loss
is that of spherical_divergencs plus an absorption, the absorption co-
efficient beingv.Olfz, In surface-bounded duets the loss after the first
1000 yards is approximately that of cylindrical divergence plus atitenua-
tion, this attenuation consigting of an absorption, L os Plus @ leakage
term, o , value of which depends ypon sea conditions, layer depth, and
frequency. The nature of the dependence was presented and explained by
Mr. Urick in the Second G.5.Navy Symposium on Underwater Acoustics last
falt (1950).

zThe\loss found by both\ﬁgths was very appreciably less than
predicted and anticipated from previous data, and is sufficiently
consistent to permit confidence-in range‘predictions over either path.

The surface-bounded duct is a phenomenon of common occurrence,
arising from e mixed surface layer. If the transducer and the target
are both contained in this duct, 3t will permit long ranges. With the
present equipment, ranges up to 25 kiloyards have been obtained. There
are two objections to depending upon this duct. First, it is variable
in quality sometimes vanishing altogether, and second, an enemy submarine
may escape detection by diving below the duct.

The use of bottom reflection provides an alternative path which
can be depended upon all the year eround in some areas, since it is
not subject to variations with ses state and atmospheric conditions.
Furthermore, it is a path to a target at any depth. Runges out to 15
kiloyards should be reasonably dependable with present experimental
equipment, and no limitation of meximum range is known other than the
1imits of the reasonably {lat-bottomed portions of the oceans. It
suffers the possible deficiency of introducing a skip distance inside
an annular ring of coverage.

2 CONFIDENTIAL
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Assuming the use of bottom reflection with 10-kc equipment, and
also assuming nc reflection loss, the.values of propagation loss are
given for depths of 900, 1800 and 2700 fathoms tabulated in the first
column of Figure 2. Asswned tilts of 15°, 25° and 25° respectively
for the three depths appear in the second column. From these depths
and tilts, the horizontal ranges and propagation losses have been
computed from the formula of Figure 2 for frequencies of 10 ke and 7 ke.
For the moment, let us simply moke a mental note that the losses listed,
which will be used later, have been computed from an experimentally
rerificd formula., :

The over-all loss from the level of pulse transmission to the level
of echo reception will include bottom-reflection loss and target strength.
NRL has recently acquired, by utilization of its cxperimental 10-kc¢ search
equipment in the USS GUsVINA, experimental data which indicate a reflection
loss and additional data which permit calculation of target strength.
The results are important enough to warrant a description of the ex-
perimental procedure and a discussion of the data which will now be
presented by Mr. R, J. Urick, Head of the Propagation Branch of the
Sound Division.

DISCUSSION

Rear Admiral Akers: What happens at shallower depths?

Dr. Saxton: At shallower depths, propagation via the bottom should be
even better. We could insonify the whole range of depth from surface

to bottom. In that case, the energy would be reflected back and forth
agsuning a good reflecting bottom, and it would be channeled or confined
out to very long ranges. The nearer the beam comes to being tangent to
the bottom, the better its reflection. -

3 CONFIDENTIAL
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MEASUREMENTS OVLR LONG RANGiS WITH PRSENT EXPrRIMENTAL
BQUIPriiNT AND TARGET-STRENGTH MEASUREMENTS
R. J. Urick, Propagation Branch

It secmed to us about two or three months ago that the time had
come when we must attewpt some actual quantitative measurements with
the equipment installed in the GUAVINA,

There are obviocusly two ways to go about this. One is to use an
wctual live submarine and obtain echoes from this submarine at long
ranges. However, in many respects this is unsatisfactory. It involves
submarine time; furthermore, the submarine itself is of unknown target
strength which may or mey not vary with aspect. We therefore set about
finding a method which would obviate temporarily the need for a sub-
marine and at the same time be able to give us some quantitative in-
formation on a fictitious target of known strength for use in prediction.

The method employed involved a surface ship and two hydrophones
as shown in Figure 3, On the left is a highly symbolic picture of the
USS GUAVINA with its transducer mountcd topside and forward; on the
right is the surface ship escort, which in our particular case, was the
USS ALBATROSS (AMS-l).  From it were suspended two transducers. One of
these was a projector which sent out a constont-intensity ping. The
other was a hydrophone which recorded the ping sent out from the pro-
jector, and also the incoming echo-ranging ping from the GUAVINA, With
. the recording equipment on the ALBATROSS, this setup measured the
apparent target strength of the repeated ping sent back from the
projector on the ALBATROSS. The repeated ping was measured also with
the recording equipment instualled on the GUAVINA. The two paths dis-
cussed by Dr. Saxton are shown, and measurements and echoes were obtained
by way of these two paths. The first path utilized is with horizontal
tilt of the GUAVINAls pxogeﬂtar; the second is realized by s tilt that
varied between 20° and 30° downward, depending upon the water depth
and the range. With horizontal tilt, closing runs were mede from a-
range of between 20 and 25 kiloyards. By closing run, I mean a rccording
of all echoes rcaching the GUAVINA as the GUAVINA approached the ALBATROGS.

The results of one of the horizontal tilt closing runs is shown in
Figure 4. On the top is plotted signal level in db against range from
zero out to 26 kiloyards. Each plotted point is the average of 10 pings
during the approach run. ‘he line in this case is a computed curve which
shows the loss mentioned by Dr. Saxton, namely, cylindrical spreading
beyond approximately 1000 yards plus an additional loss due to absorption
and lezkcge., The absorption value used here was 1 -db per kiloyard at 10
ke; the leakage value was found; by adjustment, to be 0.3 db per kiloyard.
(Of course, we have no good way of determining the leakege a priori,
although we do know certcin semiquantitative things about it.) The total
loss, in addition to divergence, is thus 1.3 db per kiloyard, whioh fits
well with the data, Similarly we can plot apparent target cirength for
the constent-intensity echo repeater and fit the data with a curve of
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the same type. Again the fit is good. The principal objective is to
determine the echo levels from a target having a target strength of
some constant value. This value was taken to be 30 db target strength.
The lowest plot shows the data of the upper two plots corrceted to 30
db, and at the buse src shown the observed noisc levels at speceds of 2
and 6 knots. At a range of 22,000 yards, it will be seen that the
corrceted ccho levels are 10 or 12 db above the noise level at 2 knots.

In addition to obtaining thesc fictitious cchocs of known target
strength with horizontal tilt, we also obtained echocs by way of the
bottom., 1t would be well at this point to show some examples of the
records that werc obtained. Figure 5 shows two pairs of records obtained
at 30° tilt, the upper pair at 15,600 yards and the lower pair at 600
yards. The top record of each pair was obtaincd on the GUAVINA. The
bottom record was obtained on the ALBATROSS to detcrmine the equivalent
target strength associated with each falsc ccho. It is important to
notice that all reverberation dies out by 16,000 yards and that the
echoes, morked by arrows, appear in a noisc background. The two echoes
arise from the two acoustic paths that ecxist; even though the transducer
was tilted downward, we did obtain an eche. by way of the surface channel,
The channcl was so good, and the searchlight beam so non-ideal, thdt the
horizontally travcling echo was stronger than the bottom reflection.

Figure 6 is another record which shows three pulses. The first
one (shown by an asterisk) is the reflcction from the hull of the
ALBATROS5S, Even though the aLBATROSS is so small in size and so shallow
in draft, we did at this range, 16,000 yards, and occasionally at all
ranges, cvbtain echoes from its hull. This echo is followed by the
delayed falsc. echo and that in turn is followed by a signal put in
clectronically for the purposc of scale calibration. Shown below in
the figure is the record obtained on the ALBATROSS.

Figure 7, in two parts, shows a rccord obtained on the GUAVINA,
It shows successive echocs at a range of 19,000 yards with zero tilt
&s the GUAVINA dove below the surface layer. The repeated or false
echo 1g indicated by the arrows. You will notice that this arrowed
echo dies away as the submarine dives below the surface bounded channel,
This is simply an illustration of the observation thot the transmission
in the surface duct seems to be best at a shallow depth.

Finally, Figure 8 again shows the effect of decpth on transmission.
The upper pa%r of records were obtained with zero tilt and the bottam
pair with 257 tilt. The upper pair (nt. depths of AN feot ond 200 foot
with zero tilt) show that the echo is markedly affected diving below
the surface channel (about 120 feet in thickness,) With 25° tilt, the
bottom reflection remains unaffected.

The data was obtained during July 1951 on a eruise from Guantanamo,
Cuba, to Key West. We rcgularly obtained bottom-rcflected echoes in the
area south of ccntral and western Cubz. However, we were not successful
in getting bottom echocs south of Guantanamo in the Guantanimo-Sentiago
arve.  The recson for tho absence of bottom-reflected echoes south of

5 CONF IDENTIAL
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Guantancmo is probably the irregular and stecp slope of the bottem. The
charts show considuorable variations in watcr depth, in this region. We
were, I think, simply not able in a given situation, to becam the scarch-
light accurately on o fixed target. Howcver, in four of the five arcas
worked during the weck's cruise, we did obtain bottom rcflccted signals.

Question: How did you measurc thosc variations in depth -- with a
fathometer rcading, or were you measuring the stretching out of a pulse?

Mr, Urick: Witk e [fathometber on Uhe GUAVILA,
Quustion: Were you measuring gross irrcgularitics or fine irregularities?

Mr, Urick: Just thc gross irregularities in decp water. It is apparcnt
that if the bottom has apprcciable slope it will send the GUAVINA!s
bcam away from tho ALBATROSS.

When the bottom reflection was obtained, it was found that the trans-
mission loss from 600 yords out to a long range was about 114 db greater
than could be accounted for by spherical divergence and absorption. This
apparent reflection loss at the bottom is in contrast to our expectations
based on measurements on previous fiecld trips, wherc we found no loss at
all. The source of that discrepancy is unknown, and is perhaps associated
with the use of nondircctional transducers in the earlier worke.. '

Figure 9, again with level plotted against range, summcrizes the
data obtaincd. The crosses arc cach an average of 10 piugs by way of
the surface duct, obtained with horizontzl tilt. The horizontal lines
show the noise background ogiinst which the cchoes were obteined. (I
should stross at this point that the noise background at ranges in excess
of 15,000 yards was consistently self-noise rather than reverberation.
Reverberations scem to die into noise ot about 15,000 yarus, so that we
were not "roverberation-limited" at long renges.) The dets are 10-ping
averages of the bottom ruflection. The plotted points have been rcduced
to a target strength of 30 db, that is, they are plotied to represent a
targct of strength 30 db, This'is believed to be a good rough cstimate
of the 10-kc target strength from the new data to be deseribed later.
The figurce shows thot the echo of a submarine of strength 30 db at about
30,000 yords in the surfacc duct would be at the same level as the noisc.
By way of the bottom reflection. the echo at about 16,000 yards would be
at the same level as the noise. I should stress that this figure is
entirely obscrvational, without anything of the nature of prediction or
adjustuent of the data in it. The bottom rcflection is scen to be quite
a bit below thc surfacc channel ccho 'in level and illusirates the apparcnt
loss of 114 db at bottom reflection —— for which w. have no explanation.

I would 1ike now to describe somc very recent measurcments of target
strength. Having this much information on the expeeted ranges of a
synthetic target, whot we vould likc to know noxt is the target strength
of © typical submarine. Wc¢ cbizined the scervices of the USS CHOPPER in
thc Key Weost area for a 3-duy period, and were successful in detcrmining
the terget strength by « now method. The results werce somewhat startling
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in thot the average target strength turned out to be 32.7 db, which is
approximately 20 db higher than the figure that has been used in
cstimates of performance.

Target strongth is a measurc of the rcefleeting power of o submarine,
and is cxpressed as the ratio of the reflceted intensity to the incident
inteiasity when the reflected intensity is measured at onc yard. Targct
Strength as used in sonar is similar to the paramcter uscd in radar
(radar cross section), cxcept for a fuctor of bq . Target strength
is, howcver, morc convenient beeause it can be used dircectly in the
ccho-ronging cquation without twoublusume yucstions of the factor Lt .

Many mcasurcments of target strength have been made in the past, '
ospeeially during World War II, Field measurcments as well as theorctical,
and optical studics on models have been made. The data obtuined at sca
on an actual submarine at frequencies of 18 ke and above secm to show
beam-on target strengths of about 25 db, decrcasing to perhaps 10 db on
the bow and the stern. The mathematical and optical studies do not quite
agree with the field dota in that lower values arce found on the bow and
stern; in other words, the ficld measurcments ive higher values on off-
beom aspects. Since World War II, there have been, to my knowledge, two
additional determinations of target strength in the field, onc by Woods
Hole and USNUSL jointly, and the othcr more recently by NEL on their
cxperimental submarine USS BAYA.

_ All the field measurcimcnts scem to have been obtained by the same
method which requircs the accurate knowledge of the driving and receiving
sensitivities of the ccho-ranging cquipment, plus & knowledge of the
trensmission loss at the tiine the data were obtained. This transmission
loss could be obtained eilther by guess work or by ficld measurcment
during the target-strength measurement. -

We have preferred to measure the target strength aircetly by o somc-
what more claborate method thot requires no knowledge ofthe transmission
loss or of the cquipment calibrations. It docs, however, rcquirc an in-
stallation and a recordine of data on board the target submarine.

Figurc 10 scrves to show the cssence of the method. -The submarine
on the left 1s the target submarine, the USS CHOPPER, a guppy-schnorkel
submarine. The one on the right is the GUAVINA, which centuins the 10-
ke echo-ranging sonar, plus sultable recording geur to receive and record
what comes back from the target. A special installation of two hydrophonecs
wes mude on the CHOPPER. One¢ hydrophone acted as a transpondcr, scnding
back a constont-intunsity deloycd ping on receipt of the ping from the
GUAVINA, The othor hydrophone scrved to receive both the ping from .the
GUaVINA and that from the trunsponder. The two hydrophones wure mounted
5 feet apart as far forard as possible toward the bow of the target
submarinc, and both were nondirectional in the horizontal planc.

The figure shows the two peirs of idealized pulscs, labeled A, B, ©
and D. A and B are, ruspoctively, the cche-ranging ping from the GUAVINA
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as roccived on the CHOPPER, and the trunsponder ping sent out o fow
sceonds later by one of the two hydrophoncs. G and D crc respectively
the echo from the target and the transponder ping rcecived on the
GUAVINA, The oquutions below indicate the basic principle of thc

method. The diffurcnce between the unknown target strength of the sub-
merine snd the equivalent target strength of the transponder Tt is cqual
to the difrerence C-D when oxpressed in db. The transponder target
strongth T' is the difforcnce in db between thc pulsc helghts B-A on

the rceord obtained on the target. Hence, the target strongth is mercly
the sum of the two level diffurcnces between the two pairs of pulses when
attention is given to sign. The sceond cquation tocitly nssumes that the
two transduccrs arc onc yard apart; in our case, when they were 5 feet
apart, the corrcction 20 log 5/3 is required. In summary, it should bc
cloar that what is boeing donc is to obtuin from the GIAVINA rceord o
comparison of the submarinc ccho with thc spurious echo from the trans-
ponder and from the target-submarine rocord the equivalert target
strength of the spurious echo.

Figurc 11 is a photograph of thc pair of hydrophoncs on the CHOPPER,
" mounted on o hexapod about 6 fect above the deck near the bow. This
location provided the clcarest all-around acoustic- view from the
hydrophones, with only a 10~ or 1l5-degrec suctior aft obscurcd by the
conning towcr.

Figurc 12 is an cxample of the rcecords cbtained. The top record,
obtcined on the CHOPPER, shows the & and B pulscs. Below it are the
corrcsponding C and D pulses obtuined on the GUAVINA, plus reverberation.,
At the base are l-sccond time ticks. Pulse-to-pulsc matching was
facilitated by accurate time checks and the use of manual repeat-back on
the transponder to give slightly varying time intervals. On the right
is shown the rccord scalc in decibels above an arbitrary rcfcrcncoe. The
average target strength, the sum of the db differences plus the correction
from 5 feet to 1 yard, comcs out to be 42 @b for thc 10 pulses shownm.

The ficld measurcments were made during 3 operating days in August
1951 in an arca off Key West, Florida, where the water depth was 100 to ‘
400 fathoms. The GUAVINA circled the CHOPPmK ot about a 1000-yard range
aile the latter maintained a constunt course at a speed of 2 knots.
Gight cireling runs were made with both submarincs at periscope depth,
and about 1000 pings were recorded and mcasured. The comparatively long
pulsc length of 100 ms provided by thoe 10~ke equipment was cmployed.
Note thut this pulsc lcngth was sufficicnt to insonify simultencously
thu whole of the submarine ¢oven nt bow or stern aspects.

figurc 13 shows onc day's rcsults of submarine target strength
plottcd against aspeet for somewhat over two revolutions of tho GUAVINA
about the CHOPPER. Each plotted point is the target strength measured
from o single ping, differcnt symbols boing used for the differcnt times
apround. Several fosturcs shown here arc werth mentioning, One is the
epparcnt abscncc of any pronocunccd dependence on target aspect. Another
is the unexpeetodly high valucs of target strungth, the average of the
values plotted horo bulng 36.3 db. A furthor featurc is the high ping-
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to-ping variability in target strength, the values ranging fron less
than 20 db te over 50 db.

A clue as to the nature of this variability is provided by Figure
14 which represents the same data as the previous one, but shows the
level of the subwarine echo (rather than target strength) plotted
against aspect. Note that the variability is less than in the target-
strength plot, with again no apparent aspect variation.

all the data were obtained with horizontal tilt and represent
horizontal "looks" at the target. Considerable time and effort was
spent duri g the three days to obtain bottom reflections from the
CHOPPER but without success, apparently there exists a very-high
bottom-reflection loss in the Key West arca, due either tc absorption
or to scattering by the coral rock and mud bottom in this area.

The high values of target strength and its independence of aspect
angle would indicate that at 10 ke the target does not reflect
appreciably in a specular manner, but that excitation and reradiation
by the outer portions of the hull is involved, or perhaps reflections
from corner reflectors inside the hull.

That concludes the portions of the program oa target strength. I
do wish again to empha31ze that the average value of 32.7 db is high;
and that 1t was surprising to us when it was obtained.

DISCUSSION .
Cagtﬁin Prycr: Do you expect to check that at other frequencies later?

Mr, Urick: Yes. Dr. Saxton will mention the proposed work at 7 ke. It
will be very interesting to make similar measurements at a number of
frequencies.

Gaptain Pryor: That would tend to lead you to believe that the failure
to get good echoes at bow aspect was not due to any difference in target
strength 28 well as the fact that your transducers are probably not
pointed exactly in the right direction because the angle subtended is
much smaller.

Dr. Saxton: Yes. Of course, this is at 10 ke. Now at 25 ké, the old
picture is correct as far as we know. '

Captain Pryor: Is there any significance to the double feature of the
¢chocs you showed in Figurc 12? The target echoes seem to be split into
two main ports. I'm not referring to the deleyed echo now, but to the
main echoes which seem to have two parts.

Captain MoCain: I think therc may have been reverberstions.
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Mr. Urick: The first port was reverberation. This dies ofs very
rupidly; the reverberation background is very low at the time the

gchoes arrive.

Captein Pryor:

How about pointing out the main echo and delayed echo?

Mr. Urick: One thousand yards. This is a very compresscd scale.
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EQUIPHENT PERFORMaNCE REQUIRED
Dr. H. L. Saxton

I would like to add to the picturc of losses, the idea of nct
loss for thc round trip which involves, in addition to propagation
losses which we proviously showed for various cases, the loss at
botiom reflection and the gain due to target strength, factors which
hove now been ecovored hy Mr. Urick. I want to arrive at some figures
wvhich I don!t expect to mean much at this point, but at a later time
we can refer to them to see how equipment parameters add up toward
mecting them. In Figure 15, the threc cases tcbulated in Figure 2
arc repeated. In the fifth column a reflection loss of 22 db has been
added for all cases. This is obteined by toking the 11 db thot Mr. Urick
mentioned on both the outwerd and the return trips. We now have data
taken in the Atlontic which has not becn returned to the Laboratory yet
and we shall within a mattor of days have a check on whether this same
reflection loss is observed®. We know that good bottom echoes were
obtained on this Atlentic trip to Bermudc and working out of Bermuda,
but we do not have the aetual processing of the date to show what the
botton reflection loss was. The target strength of 32 db has been
entered in the sixth column of Figurc 15. When we subtract the target
strength from the propegation loss and add the reflection loss, we get
a net loss of the round trip which is shown in the last column. This
net loss means that if we have on intensity I, at one yard from the
gource, the intensity of the echo which comes back to our rcceeiving
hydrophone is at a level below I by the net loss. With ar ocean depth
of 900 foet and 13.5 kiloyards horizontul range, 184 db is lost and the
echo intensity is I, - 184 db. . : ‘

Lot us look briefly at the over-all picture including equipment
and opcrator. Figyre 16 shows the parts of a complete systen. There
is ghown a power P’ going into the transmitting trancducer and an acoustic
power P from the transducer into the water. This gives rise to an in-
tensity ct one yard from the source given by the power P plus the
dirvectivity index plus 72. And so I,= P + & + 72 is what is sent
out. The power, in traveling to the target and back, suffers a net loss
(tebulated in Figure 15), So the intensity arriving back is what started
out :xinus this net loss, or P + o « 72 - net loss.

At the receiving transducer we have the signal and background noise,
the latter ot a level of =15 db in o l-kc bund al-10 ko at 12.5 knots
ship speud. The transducer has a directivity, & , so that the effective

*A loss somewhat less thon 11 db was obscrved.
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masking noise level coming out of the transducer in decibels is
"15 - ﬁ) .

Nothing has been said so far about reverberations, other then
Mr. Urick!s rcmarks that rcverberations always die down into noise
before the echoes arc received. When we had good paths, wc obtained
echoes, and the limitation that was found only at very-long range was
duc to noisc background since reverberations hed completely died out.
If we did not have good channels, we sometimes falled to obtain echoes
and it is possible that we were reverberation-linited in those cases.
Tn Figure 16, we have sndicated that we have noise masking to combat,
since our interest is in long ranges with accoptably good ducis.

We have indicated that the noise maskiag level is -15 - 4 db.
If the ccho level in db (P + 72+ & - net round~-trip loss) then equals
the noise-masking level in db by the recognition differential &),
detection probability on a single ping with the target on the sound-
beam axis is 50%. This is expressed by the equation hown in Figure 16.

(P + 72 + & - not round trip loss)
- (’-é—" -a)=d

A more convenient form of the equation involves equipment parametecrs
only on the left and everything clse on the right. This is alsc shown
in Figure 16 as

P+ 2 & -4 = net round-trip loss - 87

~ If cquipment is to be designed so that P+ 24 - is as high as
feasible, one quantity which .ay be the chzapest to improve is ' , the
recognition differentiol. This lg defined as the ratio (expressed in
db) of signul having a 50% probability of dotection to interfering noise
in a 1000-cycle band centered at gignal frequency. While we have shown
explicitly power rather than energy in our echo-ranging equations,
actually, the smount of energy in the pulse ic the important thing,
because longer pulses yield higher recognition differentials. We can
do obout as well against a noilge background with double the pulde length
and half the power. Wo thercfore have no thoughte of going to 0.01
present pulse lengths (except: for classification) since this would noi
pernit increasing the power a hundredfold or even tenfold.

J for a half-second pulse, with the unaided:ear as a detector
(of course, we assumc gais and frequency translaotion), is -13 db in the
Loboratory and perhaps -10 db in the f£ield, vhich means that we can detect
50% of the time a signal 10 db below the masking neise in a 1000~-cycle.
bund. Efforts to improve on the ear have generally led to complicated
gystems. The most recent devolopment glong this line is relatively
simple in construction and I will now call on Mr. Bayston who has
supervised the experimental work, to decseribe this development. -
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A RECENT APPROACH TQ HIGH RECOGWITION
T. E. Bayston, Sonar Systems Branch

As Dr. Saxton has mentioned, an important part of this problen
of extending thc detcetion range is the development of rcecption
equipment and techniques which will give the maximum recognition
differential. Any improvement that we can obtoin in the recognition
aifferential reflects a ocorresponding improviaent in the dctection
ronge; and, conversely, anything 1luss than muximum dotcetion efficdenc
will rob an othcrwise good sonar system of much of its effectiveness.,
We, in the Reccption Unit, arc primarily concerncd with this problen
of devcloping reccption techniques and reception cquipment which will
give us the maximua possible rocognition differcntial. Since we are
not the only ones in the Sound Division that are working on this problca,
we have confined our own efforts to an area in which I believe there is
little work being donc elsewhere. Wo have been concerned primarily with
2 channcl receivers or phasc-sensitive devices such as right-left in-
dicators, binaural receivers, and sector-scan indicators.

Some of you nmcy be familiar with the sector-scan indicator, or SSI.
It was used in the typo-h integrated-sonar system which was developed
here at the Laboratory and underwent sca trials on the USs F0SS. The
SSI is also used os o basic part of the ZDG sonar systcn nov undergoing
sca trials at Key West on the USS SEA GAT. The operation of the 551 is
fairly straightforward and was understood, at least here in the Laboratory,
for c-w signals. Exactly how it handles c-w signals was undorstood but
we were not too sure until recently os to how it handles noise. Recently
we undertook a study of the SSI to determine how this device handled -
noise and what it did to the signol-to-noise ratio. _

The 85I was originally developed and used as 2 train-error or
bearing-crror indicator. It indicates the angle off thc axis from
which the cnergy is being reccived by the transducer. I would like %o
skotch briefly what happens to a c-w signal in the 557 as a basis for
understanding what happens with noise. Figurc 17 is ¢ simmle block
diagram of a typical SSI. Since this is a 2-channel device, it uses
o split transducor and the signol frequency at the input of the SSI is
indicated as F,. This is emplified by conventional SF amplificrs. The
two signals are then mixed in two mixers by two local.osecillators at a
slightly different frequency, osclllator 1 being et frequency Gy and
oscillntaor 2 being at some frequency Go. The intermediatc frequency
sclected is usually the difference betiicen the oscillator ond the in-
coiing signals, to give a signal in the upper IF of Gy - Fp, and & signal
in the lower IF omplificr of Gg - Fo. The signals at the output of the
IF amplificrs arc mixed in a third converter to give an output. The
differcnce frequency is usually selocted herc as the freguency desired.
Thig difference frequency beeomes Gy = G2. TYou will notice the fre-
quency here, Gy = G2, 18 indopondont of the incoming frequency Fgoe
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That nicans regardless of what the doppler is, the frequency out of the
third mixer is always G - G2 In the conventional usu of the S3I,

this frcquency, G - G2, is sent through a video anmplifier where it is
linited and differentiated to moke brightening pips which are applicd

to the control grid of the cathode-ray tubc., The two local oscillators
arc clso mixed (Mixer No. 4) to give a fregquency Gl - Gz, and this
difforcnce frequency is sent through suitable amplificrs to synchronize
a horizontal swecp on the cathode-ray tubc. Since the frequency of the
horizontal sweep is Gy ~ Gz and the frequency at the brightening grid is
Gy = Gp, we shall get one brightening pip for cach horizontal sweep. It
£a1lous from the theory of thesc mixcrs thot any change in phese between
the two input signals will result in a chonge in phase of the brightening
pips (with refercnce to the sweep) by the same anount. Consequently, we
have a phasc-indicating devieo which operates os a troin- or bearing=-
crror indicator. '

To this point, handling of the signal plus the noisc in the signal
channels is fairly straightforward. But we werc not too surc about what
happons at the output of this third mixer -- just exactly what happens
to the signel and noise ratioc. I've jndicated a narrow band filter at
this point in the circult. The use of that. filter is what welve been
- studying just rccently. ' :

When these scetor-scan “ndicators are operated in the field with
the goin turned up to a point .to where they brighten on background noise,
or ambisnt-water noisc, the brightening appesrs to be positioned quaitc
randonly. In order to simulate in the laboratory so that wo could
eveluatc these devices, we had two possible approaches, We could use
2 simulated noisc in which we devised some schenc to shift the phase of
the noise rendonly in onc of the channels to give us a randon brightening
or we could use two indcpendent noisc gencrators. The sccond method was
the onc that we adopted, that of using two independent noise generators
to supply noisc to each of these channcls to sinmulate ambient-wator noise
or background noise. This mcthod results in.a display on the SSI that
vary closely duplicated tant obtained under. actual operating conditions
2t sea. Tnis lcads to o lot of thought about the type of nolse in the
water at the two halves of the transduscr. We havc more or less come
to the conclusion thot the noisc is to a grcat oxtent incoherent, or
uncorrclatcd, between the two halves of the transducer for the freguencios
that we usuanlly use in the sizes of the trensducers nornally cnployed.
As prcviously :ientioned, we undertook o study of what happens to the signal
and the noise at the output of Mixer No. 3. ‘

We atbenpien to uuulyec the outpul of that filter with o spectrun-
analyzer to ascertain what sort of distrivution we had in frequency
¢nd noise. The rcsults were not very satisfactory. So as a first
gtep we used two independent noisc bands, one centered at 9 ke and onc
centered at 14 ke, nixed thom together in 2 simple mixer, and analyzed
its qutput with a spcetrum amalyzer to find the froquency distributicn.
Figurc 18 shows the results of the spectrun anclysis. It shows the
differcnce frequency bund at 5 ke, the two original bonds of frequencles,
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and a fourth band of intrachannel noise -- & low frecquency bend due to
the noise in cach channcl beating with itsclf to produce low-frequency
couponents. The reason we did not have much success in analyzing an
carlicr SSI was thal the diffcrence froquoncy was low comparcd to the
signal-channcl bandwidth; conscquently, the difforence-frequency band
was masked by the low-frequency noise. This differuvnece-frequency band
of noise as it coucs out of the mixer is approximately twice as wide as
the original bands of noisc at the origincl froguency.

The result of inscrting a c-w signal with the two original bands
of noise ic shown in Figurc 19. The spikes shown represent the c-w
signol thob wes contered at § ke and at 14 ke to give us o difforence
frequency signal of § ke. It is intercsting to note that as we analyzed
all bands with thc 2-cycle band annlyzer filter we got signal-to-noise
ratios in the same order of magnitudes ot the differoncc frequencics
as in the two original bands.

With this in mind, we took an existing SSI ond modified it to
raise the difference froquency out of the intrachanncl noise. The
original equipment had o difference frequeney (difference in IF channel
frequencies) of some 400 cycles. The Jifference frequency was fairly
well masked by the intrachannel noisec. A differcnce frequency of 4 ke
brought the signal out of that nopise and gave & reasonable distribution.
Figure 20 shows the distribution of the noisc resulting from incoherent
noisc fed into tho input of the SSI. It shows thot this noisc is dis-~
tributed symctrieclly about the differcnce frequency.

At this point we inguired as to what happencd to & cohercnt noise,
or a target noisu, introduced into the SSI. The S8I works very well on
scrow noises, which indicates that these noiscs rust be coherent. So
we introduced o cohcrent noisc into the input of this nmodified SSI along
with the incohcrent background necisc and again scanned the output of the
third mixer with a spectrum analyzer. Figure 21 shows the cohecrent -
noisc above the incohcrent noise. Note that the noise-to-noise ratio.
at the input of the SS] wos unity, or zcro db -- that is, the cohercnt
noisc and the incoherent noise werc both of the same value. At the
output of this 2-cycle filter we got an incrcase in the noise-to-noise
ratio in the order of 18 db which shows the trcmendous improvenent that
can be obtained by this SSI hccause it vsoncentrates, or stacks nearly
all the encrgy from the cohercnt noise into a single~-frequency bond et
the differcnce froquency. The incohcrént noise is still spread about
in a band that is twice aos wide as the original IF band so that a norrow
fiiter placed aftcr the second detcctor can rejeet most of it and give
us a decided improvencnt in the noisc-to-noisc ratio.

Figure 21 shows the results of broadenirg the bandwidth in order
to confiria some points on a curve so that we could decveliop a theory or
develop the mathematics for this phenonmenon. We opened the sound-
chennel bandwidth of this nodificd SS5I {originally 500 cycles) out to
5 ke. You notice with the wider bandwidth, the differcvnce frequency
now begins to fcll and be mesked by the intrachannel noisc from each
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channel. But ot this point, we get an inprovencnt in the order of
20-22 db in a 2-cycle band. Now Figurc 23 shows thc results of
cpuning up the bandwidth to 4 ke with a 4-kc diffcrence frequency.
lic orc now getting into trouble with the noisc fron cach channel
nmasking the differcnec-frequency noisc. Noverthcless, we get an
iaprovencnt that is in the order of 25 db or so.

We built a filter to go in the output of Mixecr No. 3, a narrow
filtcr which had varicble bandwidth, and cxanincd the output for noisc-
to-noisc ratios to deterninc the improvement that could be cbtaincd.
The lower curve of Figure 24 shows an IF bondwidth of 50 eycles, and
= norrow £ilter banduidth of frem 4 to 10 eyeles. This curve shows
that with a noisc-to-noise ratio of unity in the input of the SSI, we
get an improvement that ranges from 6 db up to something like 17 db, de-
pending on narrow-filter bandwidth. With a 500 cycle IF band, we get
something in the order of 8 db better than for the 50-cycle IF band.
With the half-cycle filter at the output, we get an improvement in the
order of 2 db in the noise-to-noise ratio. With a 5000-cycle IF band,
a substantial additicnal improvement is to be expected, It is possible
with a device of this type to open the bandwidth of the front end wide
endpugh to accept all the major (or important) noise that is emitted by
an enemy submerine or *arget vessel and then process it through a very
narrow band filier to get an improvement in the noise-to-noisze ratio.

We now leave consideration of noise signals and consider c-w
signals. For a woment, refer back to Figure 17. In our work with
signal-to-noise ratins, cf course, the obvious advantage is in the
narrow filter at the output of Mixer No. 3. Since the returning echo
always has the doppler information removed by the SSI, regardless of
what the doppler is, the signel is always at the frequency Gy - Gp at-
the output of Miver No. 3. Therefere, We can put in at this point a
filter with a bandwidth that is optimum for the pulse length we are
using. Sor example, for a %-second (ulse, & bandwidth of this filter
would be in.the order of 2 cycles. The IF bandwidth had to be some-
thing in the order of 200 cycles at, say 10 k¢, in order to accommodate
the doppler. 5o this gives us the advantage of accommodating the deppler
and at the same time using & narrow filter with which to process the
signal and noise., In one instance, in & rather rough check which we
made, we used & signal-channel bandwidth ahead of Mixer No. 3 of 50
cycles and a narrow fiiter of 1 cycle and obtained 50% recognition on
a siznal-to-noise ratio of -5 db as measured in the 50-cycle band. That,
referred to a 1000-cycle band, as is customary, would be equivalent to -
-18 db. & recognition differential of -18 db is appreciably better than
what can be obtained with the unaided ear, and it at least shows that we
are on the right track.

There is an additional method by which to process the informetion
which I have ipdicated in the lower part of Figure 17. We tuke the out-
put of the third mixer, in which the two IF outputs are mixed, and pass
it through the narrow filter into a balanced mixer in which it is mixed
with the reference frejuency obtuined from lMixer No. 4 to get a zero-beat -
phenomena in which the balanced mixer tukes out any outout due to the
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reference frequency and leaves us only an output due to the difference-
frequency components. The noise components wnich lie on either side

of G] - Gp, and those noise components thut lie at Gy - Go will cause

a distribution at the output of the balanced mixer from de out to some
frequency determined by the narrow filter. A low-pass filter then can
be pluced at the output of the balanced mixer to exclude the noise
components that lie on all frequencies except Gy - G to give us the
resulting improvement in our recognition.

Dr. Saxton has developed a mathematical treatment for this device
in which he shows that, if the mixers are square-law devices, the
producis we geb oub ore the same as that of the correlation function.
This low-pass filter, of course, acts like an inegration device and
sveraging device as is necessary in the correlation funection. I do
not have any data on the balanced mizer in a form that I can present
at this time, but we have made & few experiments with this type of
circuit and we get an output that resembles very closely the output
that we would expect from a true correlation device. As 1 mentioned,
the only concrete data that T have so far in the laboratory 1s the
recognition differential result of -18 db. These results have been
partially confirmed in the field by an SSI on the USS GUAVINA and an
SSI on the USS Swh CAT, I say “partially confirmed" because the only
field data we have on this device is qualitative. I have a report from

the SEA CAT that the modification to the S8I to give this type of circuit

resulted in "a manyfold increase in sensitivity," but exactly whet that
means in range or db, we have not determined.

DISCUSSION

Dr. Saxton: I have, perhaps a little later word on results obtained by
the Sha CaT. We were able to track a target to 11,000 yards on 24 ke
with this device which range is better than double what was usually
obtained with the previous equipment.

Captain Pryor: Were you using propellers?
Dr.. Saxtop: . Using propellers, listening.

Captein Pryé;éw'Weréjyou using the frequency spectrum of th. propellers
as your signal? t - _

Dr._Sexton: Ies, at 24 kc. That seems to me to be ihe longest range
Tive cver heard of at that particular frequency which is not a good
frequency for obtaining long range. ' .

Mr. Bayston has prescnted the material that we thought appropriate
for this meeting end we feel highly encouraged bty the results of this
deviece., We know quite a bit more sbout 4t than what has been given; we
know enough now to write a fairly comprehensive report and one will be

forthcoming.

» reviev of background data which includes reports on the two high-
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lights has so fur been presented. Now let us ask the question, is it
feasible to build 10-ke equipment for the fleet which will give the
long ranges via the pottom? Can we at the same time exploit surface
bounded ducts when they exist? For a discussion of these qucstions,
I now call on Mr. Wilson, the Head of our Sonar Systems Branch.
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PRACTICALITY OF 10-KC 5S0daR SYSTEM
M, S, Wilson, Sonar Systems Brunch

A practicul sonar system for long-range search is possible using
presently known techniques. We huve had some six months experience
operationally, with the experimental 10-kc sonar system installed on
the USS GUAVINA in the Key West area. The performance of this sonar
has been reported and you no doubt are well acquainted with the fact
that relatively long-range wontacis ore consistently observed. The

purpose of this discussion is to outline a practical system based on
our experience with the GUaVINA installatiorn and to project our ideas
toward a surface ship installation. '

I intend to outline for you the gsimplest sonar sysiem required for
obtaining relatively long ranges, s&y 15 kiloyards. I wish to stress
that there are many ideas which I shall not include, even though they
might add somewhat to performance, in order to keep this system simple.

Figurc 25 shows a block diegram of a complete but simplified system.
The elcctronic portion cen be bullt into three main stacks composed of:
1) the Operator's console, which can be remote from the rest of the
equipment; 2) a rack for the receiver and SSI, and 3) a rack for the
. high-power driver. Other necessary equipmen® not requiring rack-type
mounting includes the rectifior and blower, the energy storage and the
control equipment, and the train and tilt gear., The transducer and
transducer housing will be discussed a little later. '

The electronics is relatively simple and imposes ne great problem
of training end msintenance. 4 receiver is shown which can be as simple
as a streightforward audic chennel, of the more complex configuration of
a multichamnel design. The S51 is shown since it can obtain a high
recognition differentiel with very simple circuitry. The transfer relay
unit is a simple relay and is shown separately only to illustrate its .
function. & program search control is a siiple mechanical means of
assuring even search coverage with minimum attention and fatigue of .
the operator. The driver is capable of nigh power and long pulsc length.
There are no oroblems associated with the electronics since the prescnt
stete of the art is adeguate for jmmediate production. The interest in
this portion of the system lies in the encrgy-storagc function. We have:
been successful in using either eleotr cal storage in capacitors or
mechanical storcge by means of a flywheel on the generator. Probably
the latter would be superior for Fleet usc becuuse of waight and space
factors and especially from personnel hazard considerations.

The greatest problem assooiated with a system for surface craft
installation is the mounting of the transducer in the dome, although
the future solution of this problem will no doubt cnnsist of hull-
mounted hydrophones, srrays for listoning, und o nonéirectional trans-
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mitting transducer. The immediate solution probebly requires a single
transducer for both funetions and its associated train-tilt-hoist
mcechanism in a dome. Sce Figurc 26,

If it proves feasible to tow a fish capable of housing a 3-foot
transducer; it may offer an attractive alternative. In this discussion
however, we are restricting ourselves to proven compencnts.

I have described in brief a workable system. Now let us see what
such o system is capable of in terms of operational performance one
could expect. Dr. Saxton and others have reported results of studics,
both thsoretical and at sea, with cxperimental equipment aboard the
USS GUAVINA, from which studies, performance of the proposcd systen
cen closely be anticipated. In surface-bounded channcls, one would
expect at least 20-kiloyards runge with the target in the duct.
Targets below the channel present a more difficult problem and the
ccho ranging path via the bottom appears the only acoustic path getting
sufficient encrgy to the target and back. Weé now have experimental
evidence of the loss encounterced by this path and if we put figures in
our cquation for this path we can closely predict performance.

What is requirced has been shown by Dr. Sexton. You will recall
that for 1l5-kiloyards horizontal range 106 db total must be obtained
using a frequency of 10 ke. The equipment p.rcmeters of this proposced
systcm are the power (48% db), twicc the dircctivity index (50 db), and
" a recognition differcntial of =13 -- zduing to 111 db total. This total
thercfore means that the equipment should be fully caepable of detecting
a target bclow thc channel out to a range of at lecast 15 kiloyards with
some 5 db to spare. With a -20 db rucognition diffcrential, using
equipment deseribed by Mr. Bayston, this will give same 12 db to spare.
However, it would not reach out to 23 kiloyards in decp water at 10 kec.
As Dr. Saxton implied, by lowering thc frcqueney, ve might lose a bit
on the equipment parameters (a few db), but we would be able to reducc
the figurc which equipment. parumeters have, to total for 23,000 yards
ronge from 130 db to 105 db which could be obtained w1th tho 51mple
proposed gystem.

In conclusion, a sonar system can be built at thc‘prosent time
which will detect targuts well beyond precent fleet detuctien-
capabllities., A simple system is proposed which although it does not
includc zll the lutest ideas, will nevertheless extend ranges to at
least 15 kiloyards, a significant percentcge of the time. Thank you.

DISCUSSION
Captain Pryor: Would you tcll us what ship speed this is calculated for?

Mr. Wilson:  These figures assume the self noisc of a 12j-knot surface
ship, a destroyer.
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OPHRATIONAL PRUBLEuiS oD rUTURE RESEARCH
Dr. H. L. Saxton, Sup.rintendent, Sound Division

Now that it has becen shown that o 10-ke cquipment is feasible and
should give an incrcase in range of about an order of magnitude a high
purcentuge of the time, we believe that the Navy will want a low-
frequeney-scarch equipment on its ships. There are, howcver, o number
of qucstions that need to be answered. First is the qucstion of arca
coverage, sinec range alonc is not enough. Let us supposc that we are
operating in 2,000 fathoms of water with a vertical beam width ef 18°
botwecn the 10-db down peoints. We wish to rely on only the central
portion of this beum with rays betwcen 20° and 30° downword tilt. This
gives coverage at horizontal ranges of 14 to 22 kiloyards. However,
suppose we choosc to focus our attention on 15 to 20 kiloyards range.

- If we wait for the first ping to return from 20 kiloyards befcre pinging
‘ again, we must woit 25 seconds. Suppose that, instead, we ping three
times before listening for the first rcturn. We will. have to use three
diffcrent frequencies such as 9.5, 10 and 10.5 ke in order that the
reverberations from the third ping will not interfere with reccption
of the first ccho. About 3 scconds elapse betwoen pings, and we can
afford to train continuously 4° per ping cnd still obtain threc returns
from 2 single target within thc rototing beam. The beam is convisicned
as continuously rotating, then, at-3° por second. The receiving beum
must- be delayed spatially by about 10° relative to the transmitting
bean ‘in order to be directed correctly to receive echoes from the )
extcnsion in ronge for which we arc aiming.. If we train from relative
bearing 060 to 000, then slew to 300, and thon train toward the bow to
000 and so on, we cover the successive areas shown in Figurce 27.
) v . - ~
: . S

With own ship assumed at 12} knots, the extension in ringe is 15

kiloyards to 20 kiloyards, or frem aj to by at rclative beering 060 in

he figure. We sweep thce shaded arce around to the bow, then slew over
to a5, by at rclative bearing 300, sweep to the bow again, then slew
over to az, b at 060 and sweep back to the bow again. This is con-
ventional procedurc except that in the interests of getting higher
speed and becausc we cen got out almost as far towerd the sides, we
have swept only €0° cach side of the bow instead of the usual 90°.
Now you will obscrve that when this is-done, by the time that we get
back to covering the same arca again, the sceond time storting at asz,
b3, the advence has been such that we have about 4/% overlap. It
wonld hn impassible for any target to goet through without being
cexposced at lcast once. If it were moving ot 20 knots and timed
prceeisely, it might be able to be at a point just beyond maximum
ronge on onc sweep cnd two sweeps loter at a point just less than
minimun renge. But we always get at least onc chance at it. More-
over, if the cnemy is moking cny such speed as 20 kinots, we ought %o
bo able to pick him up by listening, and the system should be employed
for simultuncous lower-frequency listoning.
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The arca coverage without gaps is 46.5 squarc miles per sweep in
¢ little over 4 .ainutes. That!s a swecp on cach side -- o completc
coverage oil both sides from 60° to thec bow, assuming that with the
five coverages of the same arca beeause of overlap, we have a 75k
probability of detecting anything in that arca on ot lsast onc of the
scveral sweeps through. Multiplying this .75 Limes the swathwidth
times own speed, we obtain an arca-coverage rate of 160 squarc miles
per hour. Assuming that QHB at the same speed has a 100 probability
of dutection out to 2000 yards, and a 50% probability of detcction
from 2000 to 3000 yards, its coverage rate is computed to bc 31 square
milcs per hour. There is a difference of about 5 to 1 in coverage rate.
We have herc the possibility of a fivefold inercase in coverage rate and
ut the same time covecage of that arca wherc detection will be in time
for us to act. We give these results not with any idec of having
specified an ultimate operational procedurc, but rather to encble
estimating roughly the possible effecctivencss of some feasible proccdurc.
We concludc that this method looks offcctive. For official quantitative
caleulations and determinution of optimum sweup procedure, we prefer
-to depend on OEG.

Another operctional problem arises from the desirability of covering
the surface-bounded duct when it exists. We feel that this should be
done, and we envision shaping the transducer becam to permit radiation
to the duct end to the bottom simultoncously and to permit reeeption
from both simultcneously. Wc suggest that a secondary lobe down 10 db
might be adequate for the duet, and this would not appreeciably decruvasde
the energy radiatced on the tilted main lobe or the dircetivity index
for rcception via the bottom. Anothegr solution might be to dixcet one
ping in two or threc into thc duct.

Another opefational proﬁlom is that of ship devclopment to utilize
best the new mode of operation. This I do not intend to go into, but
the cxistence of such problcms should be pointed out.

Opcrator troining is going to be difficult unless the controlled
targcts go decp, becmusc operators will otherwisc prefer usiang the
" surfuce duct and may got into bad habits. That 'is to say, if our
controllcd targcts clways remain in the surface ducts, the operator
will have no oczasion to tilt down 30° or 2,°. Furthermore, training
in the usc of bottom reflcction is impossible in the Key West opcrating
arca because the bottom therc docs not roflect. Incidentally, there's
onc good point about h.ving a place where there's no bottom reflection.
Somctimes you like to know what you got via the direet path only, and
you can be confident that whatewer you gt din Key West is via the dircet

p&tuh .

Now I would likc to discuss some futurc rescarch., We arc left with
meny roscarch problems. First we must cetuclly work in deep water wizth
s submarinc turg.t .nd obtain real cchoes bufore the Navy should be
willing to go intc production on caything. So far no submarine target
hos been aveilable to us in deep water, nor have we until now come to
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the point where we were reedy to reguest such availability. Wc havc
now requested o 3-weck Guantenamo trip in November with o guppy
submarine and additionally a numbcr of overnight trips from Key West
to deep watcr with a flcot-type submerine. We onticipated, when I
wrotc this, adding convincing proof to our claims which can now be
brsed only on culeulations. We have a lot of pieccs which wc have
prosented herc which add up to certain results. But it would bu much
botter to got real cchoes and bring back recordings for you to scc or
heer, where we had ccho ranges via the bottom out to ranges, of say,
20,000 yards. Thc latest information is thet we probably won't gct
our cruisc to Guantanamo which we requested, because of o woek which
is Lo Lu used in typo training. Thic will cut down our total time to
% wocks and there is no plan at the present time on the part of the
Navy to providec any trip to Guantonamo. Howcver, to compcnsate for
this, wc have fearcd that the GUAVINA would have to go into an ovcrhaul
period in December, and it now appecrs aftor recent inspeetion in which
she was found to be in unusually good condition, that this might be
delayed until something like March or February at least. This would
allow us onc morc operating peried before the GUAVINA gocs into
overhaul, Possibly out of the next two operating periods we shall be
ablc to got whot we most immediatcly necd.

There is a quostion of whether the target strength of the USS
CHOPPER ot 10 ke is characteristic. Iven if characteristic, it should
be confirmed. Excreciscs with the guppy-type ond other flcet submarincs
should scttle this question. Therc is the question of mechanism of
reflection whereby such high target strength is evidonced. Can it be
corner rcflcetors as suggested by Dr., Fay of MIT? If so, will an cnemy
have climinated this type of rcflection? Should our submarincs start
eliminating it?

Some concern has been expressed relative to targot classification
ot long range with the thought that spurious echocs might be,confusing.
If the high target strength is dependeble, ccho strength may b 2
gufficient critcrion for classification. We certainly have no rcason
to believe that there will be any other targets out therw of 30-db
strength.  Furthermorc, there is some covidence that 10 kc is not
ruflosted from wakes. This moy be helpful. However, roscarch along
this linc, must in our opinion, btc accclerated. We have the range-
rote indiector, which is a sensitive device for indicating ccho
guality and especially for delinecting details of froquency shifts,

We have the SSI, which can under favorable conditions show aspect.
We hove both horizontal and vertical SSI with which to experiment.
Then thore is the quostion of enclyzing amplitudo modulation. I have
here souc echocs which we have rccorded. Mr. Bakoer will pluy suwe of -
theie echoes while you watch them on an A-scan. '

Mr. H. k. Boker: (Hecordings werc reproduced of beom-agpecet echoecs
from the U35 SkA CAT at 11,000 yards range -- kuying renge 15 kiloyards.
Stern end quarter cspect cchocs wero alse prosented from the targct
opuning runge on a zigzag course.)
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There is nothing about the modulation of the ochoes (Fig. 28)
that appears striking. Thore is sonec variation from ping to ping,
but as you listun to cchocs thcy sound steady in tonc.

In Figurcs 29 and 30, we go to stern, changing to guarter aspect
with the target running away from us ot the short range of approxi-
mately 5,000 yoerds. Note that the cchoes are highly amplitude-
modulatcd. You!ll notice that there appears te be, in many cascs,
just ubout 100% modulation. You can also hear a wavery sound in the
audio prescntation of tho echo which gives thesc varictions. If we
can find out what causcs the amplitude modulation and ecan rely upon
its occurrence, this may providc o meane of clasaifiention of some
targets with certain aspeccts.

Dr. Saxton: As far as dctection is concerned, perhaps the most importont
quustions arc: "How much furthcr should we go down in frcquency?";
"hat is to bc gained?" and "What is the price?" There'!s no question
that downward in frequency is the right direction for utilization of
bottom rcflcetions. How far below 10 ke we should go on our first
prototypc cquipment is a matter of speculation. I pcrsonclly think
that o moderatc gamble would be -profitablc, say down to 7 ke. As soon
as operating time pcrmits, we propose 1o take date at 7 ke with the
10-ke cquipment, which we found will put out rather high intcensity

at 7 ke (within = fev db of what it will put out at 10 ke.) We
proposc to take data at 7 ke with uxisting cquipment in order to find
out whether target strongth holds up, whother the reflection loss is
affeeted (moybe welll gob rid of this 11-db loss obscrved at 10 ke),
and whether the wider beamwidth obtoinable with the same cquipment

ccn be toleratcd. The wider beamwidth in goneral.mcans higher rever-
beration levels. To go much furthor down in frequency than 7 ke would
almost surcly cost in size of cquipment. Five ke is the optimum fre-
quency for 25 kiloyards, as far as noisc limitation is concerncd, but
not greatly supcrior to 10. There is no rcason to go any lower in
frcequency for such a range. For a range of 50 milcs, 2.5 ke is optimum
but to get 50 milcs takes more than lowcring the frequency. Let us go
into this a 1little more dececply. = A .

Supposc that we have an equipment of 5 ke, which will give just
25 * ‘“cyards. Now we change over to &,5 ke holding transduccr size
cnd power constant. This latter equipment loscs 18 db from higher
background noisc and wider beamwidths combincd and it cannot make this
up in 25 kiloyards, cnd cannot got cchoes from 25 kiloyards lct alone
50 miles. (It might give echocs over the skip distoncc, but only in a
narrow annular ring.) :

Supposc Wi could double the transduccr Giameter every time wo
helve the frequency, and ot the same time quedruplc the powcr. At
5 ke (4G kiloyards via the bettom), operntion over 1 skip distanco
should b. obtaincd. At 2.5 ke we should got coverege all the way out
to the first skip distonce and over 4 skip distenccs or 140 milcs. At
sugh rong..s, still lower rresucney than 2.5 ke would offer possible

24 CONFIDENTIAL

v



TR T T AR e

L N

Cune'IumniTIAL

advantage. Now a 12-foot dicmeter transducer 2t 2.5 ke docs not seum
prrticulzrly foasible. However, o duercasc in size to 6 fect for
tronsmission would be ceecptzble if we could mcoke up the loss oy a

huge hull-mounted array for rcecption. Rescorch on both transmitting
and roceiving arreys is cclled for. I have indieated that we shall

try 7 k¢ when our opcrating time is availablc. It looks as though

this will be carly next year. Our 5-kc cquipment is contingent upon
the complution of o 5-ke transduccr. We have depended to a considcrable
extent on the Gencral Elcetric Company to supply a 5-ke transduccer.

A prelininery modcl was far frow cneouraging since rupturc occurrcd

2t vory low power. We have scveral other approaches such os our cavity
vuesunctors and I porsonslly bolicve thub we can bo ready te instoll by
the cnd of the next calonder yoar. We proposc that this equipnent,
involving n transduccr having an activo facc of 5-fect dicmeter, would
bc instclled in o destroyer. Looking still further ahead, we envisage
2 2.5-kc cguipment using un array for rcception, ot lcast, and possibly
for trcnsnmission 2s well. We believe that the ranges obtainable would
werront operction with own ship at rest and the lowering of vn arrs

to pcrhops 50-foct depth. A submorinc seems to lend itsclf bost L0
cxpurimentzl work. & lorge semicylindriccl transaitting transducer,
end an array giving multiple-fixed bewss over a totcl beanwidth of about
60° should cstoblish the results obtcinable by such an approzch.
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CLOSING REMARKS
Rear Admiral C. M. Bolster,
Chief of Office of Naval Research

I want to express my appreciation to the Laboratory, to Captain
Furth, and to Dr. Saxton for this presentation. I think the Laboratory
should be congratulated on a very fine piece of work and I like the
appreoach; I like the matter of fact and down-to-earth way you're going
at it. I also want to say that I appieciate having ihe people from ihe
Bureaus and Offices all down here together to hear the presentation first
rand. Get*ing the word around in this way permits person-to-person
contacts and discussions, which are essential for progress. If you
who are outside of ONR and NRL will tell us what you don't like, we'll
iry to do beiter. Thank you.
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Figure 2
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USS CHOPPER USS GUAVINA

(SS-342) (SSO-362)

.A.. B E C -6_
PING  TRANS- sUB  TRANS-
FROM PONDER ECHO PONDER
GUAVINA PING - . PING
'
T-T'= C-D
T' - B-A
© T = (C-D)+(B-A)
Figure 10
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SUBMARINE ECHO LEVELS VS ASPECT ANGLE
Data of 8/14/51
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NET LOSS ON IOKC OVER THE ROUND TRIP
VIA THE BOTTOM

HORIZONTAL {PROPAGATION (REFLECTION| TARGET l
DEPTH TILT RANGE LOSS LOSS STRENGTH NET LOSS
300 f1. 15 13.5 Kyds. 195 22 32 184
1800 ft. 25* 15.5 Kyds. 203 22 32 193
2700 ft. 25* 23.2 Kyds. 227 22 32 217
Figure l'\5
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Figure 16
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Submarize echoes - besnm aspect
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Submarine echoes - stern aspect
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Submarine echess - stern aspect
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UNITED STATES GOVERNMENT

memorandum

7103/135
paTE: 19 November 1996

FROM:  Burton G. Hurdle (Code 7103)
SUBJECT: REVIEW OF REF. (a) FOR DECLASSIFICATION

To: Code 1221.1

Via: Code 7100

REF: (@) NRL Confidential Report #3919 by H.L. Saxton et al, 28 Nov 1951 (U)
1. Reference (a) reports the proceedings of a symposium on long-range search
sonar research held in support of active sonar reduction in operating frequency
following World War II. The major frequency of sonars during World War II was 25
kHz. The research and development at NRL following the war progressed to 10 kHz,
5 kHz, and 2 kHz. This report consists of environmental and transmission loss

measurements.

2. The technology and equipment of reference (a) have long been superseded. The
current value of this report is historical.

,___% 3. Itis recommended that reference (a) be declassified and released with no

/2Zziz%2%ﬁ\‘

BURTON G. HURDLE
Acoustics Division

CONCUR:

G [ Zidly

EDWARD R. FRANCHI Date
Superintendent
Acoustics Division

OPTIONAL FORM NO. 19
(REV). 1-80)

GSA FPMR(41 CFR) 101-1 1.6
5010-114



v

ATI 122 100 (COPIES OBTAINABLE FROM CADO)

OFFICE OF NAVAL RESEARCH, NAVAL RESEARCH LAB., WASH., D.C.
(NRL REPORT 3919)

LONG=RANGE SEARCH SONAR SYMPOSIUM OF SEPTEMBER 5, 1951

SAXTON, He.lsj URICK, ReJs; BAYSTON, T.E, AND OTHERS
28 NOV'51 56PP PHOTO, DIAGRS, GRAPHS, DRWGS
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